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Abstract
Phleboviruses are commonly detected in the Mediterranean region. In order to estimate the seroprevalence to Toscana virus (TOSV)
and TOSV-like viruses in the human population in northern Greece, we tested serum samples from 595 apparently healthy individuals
aged 1–87 years (median: 45 years) for the presence of TOSV IgG antibodies. A seroprevalence of 11.26% was observed, ranging from
0% to 23.5%. Seropositivity was significantly lower in children and adults <30 years of age. The high seroprevalence (>10%) observed in
several prefectures of northern Greece suggests that an important proportion of infections caused by TOSV or TOSV-like viruses may
be asymptomatic or mild, and therefore underestimated. Increased awareness of physicians is needed during the summer months, when
sand flies are active and have the potential to transmit phleboviruses to humans.
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Introduction
Phleboviruses (genus Phlebovirus, family Bunyaviridae) are
arthropod-borne RNA viruses, found in numerous geo-
graphical areas in Europe, Africa, central Asia, and the
Americas [1]. According to the eighth Report of the Inter-
national Committee on Taxonomy of Viruses, the genus
Phlebovirus can be divided into nine antigenic complexes,
and includes 37 classified viruses, with 16 additional sero-
types considered to be tentative members of the genus [2].
Among phleboviruses, the sand fly fever viruses are trans-
mitted by phlebotomine sand flies [3]. Toscana virus
(TOSV), sand fly fever Naples virus (SFNV) and sand fly
fever Sicilian virus are the most common around the Medi-
terranean region; sand fly fever Sicilian virus and SFNV
cause a transient febrile illness, whereas TOSV is potentially
neurovirulent, leading to aseptic meningitis and meningoen-
cephalitis [4]. In central Italy, where it was first isolated in
1971, TOSV is considered to be responsible for 81% of
aseptic meningitis cases occurring during the summer, as
the disease coincides with the seasonal life cycle of its
insect vectors [5]. The frequency of the infections caused
by TOSV and other phleboviruses in Greece is probably
underestimated, either because they cause a mild febrile
syndrome and patients do not seek medical advice, or, even
when central nervous system involvement is present, the
clinical diagnosis is ‘aseptic meningitis’, and testing for
phleboviruses is not requested.
Phleboviruses have been detected previously in Greece in
patients and in sand flies. In 1981, Corfu virus was isolated
from sand flies captured in the homonymous island [6], and
in 1997 Dobler et al. [7] reported a human case of acute
TOSV infection in a German 73-year-old woman who had
returned from Lavrion, a region 60 km south of Athens,
Greece. Additionally, in 2002, a novel Sicilian-like phlebovirus
caused a major outbreak of febrile syndrome among the
Greek army forces in Cyprus; a virus strain (Cyprus strain)
was isolated from a patient’s blood sample taken on the first
day of the disease [8]. Current studies have revealed a high
seroprevalence among apparently healthy populations in
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Ionian islands, reaching 51.7% in Corfu and 39% in Cephalo-
nia, respectively [9]. Recently, a novel phlebovirus, provision-
ally named Adria virus, was detected in a boy hospitalized
because of an episode of simple febrile seizure in Thessalo-
niki, northern Greece [10]. The retrieved sequence was
identical to sequences detected in sand flies collected in
2005 in the Adriatic coastal region of Albania; Adria virus
was found to be quite different from other recognized mem-
bers of the genus Phlebovirus, clustering in the Salehabad se-
rocomplex [11].
TOSV represents an important emerging pathogen, and its
presence is being investigated serologically and molecularly in
several European countries in the Mediterranean basin,
including Italy, France, Spain, Portugal, and Cyprus [4,12].
The virus belongs to the SFNV antigenic complex, together
with SFNV and Tehran, Massilia, Punique and Granada viruses
[2]. Cross-reactivity is often seen among phleboviruses, partic-
ularly between viruses belonging to the same complex, and
especially when ELISA or immunofluorescence assays are
used [13]. Schwartz et al. demonstrated that TOSV-specific
IgG cross-reacts with other members of the genus Phlebovi-
rus, and Tesh et al. showed that TOSV is recognized by
SFNV-specific antibodies in the complement fixation test
[14,15]. The aim of the present study was to estimate the
seroprevalence to TOSV and TOSV-like viruses in humans in
the mainland of northern Greece.
Materials and Methods
The presence of IgG antibodies to TOSV and TOSV-like
viruses was investigated in 15 prefectures in north-western,
north central and north-eastern Greece. The collection con-
sisted of 595 sera derived from healthy individuals (244
males, 41%). Their age ranged from 1 to 87 years (median:
45 years). Five age groups were considered (Table 1). The
presence of IgG to TOSV was investigated with a commer-
cial enzyme immunoassay kit (DIESSE Diagnostica Senese
S.p.A., Siena, Italy) developed by using the recombinant
nucleocapsid protein of the virus. Samples giving an (optical
density at 450 nm) index of >1.1 were considered to be
positive, and those with an index of >2.5 were considered
to be highly positive. Statistical analysis was performed with
SPSS version 17.0, by use of the Pearson chi-square test.
Multivariate logistic regression modelling was used to identify
potential risk factors of previous contact with TOSV or
TOSV-like viruses. ORs with 95% CIs were obtained, and
p values of <0.05 were considered to be significant.
TABLE 1. Logistic regression analysis of Toscana virus (TOSV) and TOSV-like virus seropositivity in association with sex, age,
and residence
Demographic characteristics Samples tested, n IgG-positive, n (%) p-Value OR 95% CI
Sex
Male 244 28 (11.47) 0.112 1.89 0.86–4.14
Female 351 39 (11.11) – – –
Total 595 67 (11.26) – – –
Age (years)
<30 180 13 (7.22) 0.014 1.33 1.05–1.68
31–40 90 8 (8.88) – – –
41–50 82 9 (10.97) – – –
51–60 81 9 (11.11) – – –
>61 162 28 (17.28) – – –
Resident in prefecture 0.053 0.74 0.55–1.00
NE Greece
Evros 70 15 (21.42) 0.013 3.59 1.31–9.83
Rodopi 18 3 (16.66) 0.203 2.63 0.59–11.70
Xanthi 17 4 (23.52) 0.049 4.05 1.00–16.33
Kavala 84 5 (5.95) Reference Reference Reference
Drama 25 4 (16.00) 0.399 1.88 0.43–8.15
Subtotal 214 31 (14.48) – – –
NC Greece
Imathia 11 1 (9.09) 0.227 5.80 0.33–100.45
Thessaloniki 71 13 (18.30) 0.015 13.00 1.64–102.63
Kilkis 59 1 (1.69) Reference Reference Reference
Pella 28 2 (7.14) 0.231 4.46 0.38–51.42
Pieria 43 4 (9.30) 0.117 5.94 0.64–55.24
Serres 57 11 (19.29) 0.013 13.87 1.72–111.39
Halkidiki 22 4 (18.18) 0.026 12.88 1.35–122.80
Subtotal 291 36 (12.37) – – –
NW Greece
Kastoria 30 0 (0) – – –
Kozani 40 0 (0) – – –
Florina 20 0 (0) – – –
Subtotal 90 0 (0) – – –
Total 595 67 (11.26) – – –
NC, north central; NE, north-eastern; NW, north-western.
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Results and Discussion
TOSV (or TOSV-like virus) IgG antibodies were detected in
67 of 595 (11.26%) individuals. Increased seroprevalence
(>16%) was observed in seven of 15 prefectures: Xanthi
(23.52%), Evros (21.42%), Rodopi (16.66%) and Drama (16%)
in north-eastern Greece, and Serres (19.29%), Thessaloniki
(18.30%) and Halkidiki (18.18%) prefectures in north central
Greece (Table 1; Fig. 1). In particular, high antibody titres
(index of >2.5) were observed in 18 of 67 (26.86%) positive
subjects, implying a recent infection. It is remarkable that
more than one-third of the positive samples (7/18, 38.88%)
originated from the wider area of Thessaloniki, where many
phlebovirus infections have been reported (especially in
2004), among them a meningoencephalitis paediatric case, in
whom the phlebovirus infection was diagnosed by IgG sero-
conversion to TOSV [16]. In the same region, a novel
phlebovirus, Adria virus, was detected in a child admitted to
a hospital in Thessaloniki with simple febrile seizure [10].
A significant difference was observed in the seropreva-
lence among regions: 14.48% in north-eastern Greece,
12.37% in north central Greece, and 0% in north-western
Greece (p 0.001; Pearson chi-square test). The fact that no
seropositive persons were found in north-western Greece
was not unexpected, as that area is mountainous, is not
moistened by the sea, and has climatic and ecological factors
that are not favourable for sand flies. Similar differences
between mountainous and coastal areas have been men-
tioned previously [9,17].
The prevalence of IgG antibodies increased with age, and
a higher prevalence (17.28%) was observed in the oldest
cohort of the studied population (Table 1). This is in agree-
ment with the conclusions of previous studies [18]. No sig-
nificant difference in seropositivity was noted between males
and females.
The results of this study suggest that the counterpart of
the healthy population of northern Greece has been in con-
tact with TOSV and/or other antigenically related phlebovi-
ruses, as extensive cross-reactivity is seen among viruses of
the same complex. It is not known whether the recently
described Adria virus, which belongs to the Salehabad sero-
complex, cross-reacts with TOSV.
In a previous study in two Ionian islands, the prevalence of
TOSV (or TOSV-like virus) IgG antibodies was even higher
(47.7%) than that in the present study [9]. Nevertheless, the
seroprevelance observed in seven of 15 prefectures of north-
ern Greece is among the highest reported across the Mediter-
ranean, as the respective prevalence noted in Spain was 26.2%
[19], that in Cyprus was 20% [20], that in Turkey was 17.8%
[21], and that in Umbria, Italy was 16% [22].
Eight species of sand flies of the genus Phlebotomus (Phlebo-
tomus neglectus, Phlebotomus perfiliewi, Phlebotomus tobbi (Phle-
botomus perniciosus), Phlebotomus papatasi, Phlebotomus similis,
Phlebotomus simici, Phlebotomus alexandri, Phlebotomus balcani-
cus) and two of the genus Sergentomyia (Sergentomyia minuta
and Sergentomyia dentata) have been identified in northern
Greece [23,24]. P. perfiliewi, P. perniciosus and S. minuta are
proven vectors of TOSV [3,25]. In particular, in Xanthi pre-
fecture, where the highest seroprevalence was observed,
P. perniciosus and P. perfiliewi are the most abundant Phleboto-
mus species; a similar abundance of these two species has
been reported in Halkidiki prefecture, where the seropreva-
lence is also high [26].
FIG. 1. Distribution of Toscana virus (TOSV) or TOSV-like virus seroprevalence among prefectures in northern Greece. FYROM, former Yugo-
slav Republic of Macedonia.
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It is worth noting that seropositivity was significantly
lower in children and adults <30 years of age (p 0.046; Pear-
son chi-square test), as could reasonably be expected,
according to the relevant literature [27]. Nevertheless, as
there was a significant difference in seroprevalence between
people <30 years of age and the rest of the study population,
a possible decrease in the number of phlebovirus infections
in recent years can also be considered. Using a Bayesian sky-
line plot, Zehender et al. [28] suggested that the decline in
the effective number of TOSV infections over the last
30 years in endemic areas is associated with climate changes,
such as a rise in local temperature and a reduction in humid-
ity, which shorten the life cycle of adult sand flies and
increase the mortality of Phlebotomus larvae. According to
data from the Greek Ministry of Environment, Energy and
Climate Change (3rd National Communication to the UN-
FCCC), the mean annual temperature appears to have grad-
ually increased since 1980 in the area of Thessaloniki
(+0.70C during the decade 1980–1990 and +1.00C during
the decade 1990–2000), mainly because of high summer tem-
peratures. There was a significant decrease in rainfall in the
1980s; rainfall later increased, but the period 1984–1993 was
the driest for the area [29].
Logistic regression analysis revealed that significant risk
factors for seropositivity (among four variables examined:
sex, age, prefecture, and region) were increased age
(OR 1.33, 95% CI 1.05–1.68; p 0.014) and the region of per-
manent residence (OR 5.70, 95% CI 1.25–25.84; p 0.024).
More detailed analysis concerning north-eastern Greece
showed that residence in Evros and Xanthi prefectures (with
Kavala prefecture as the reference category) was significantly
associated with acquisition of TOSV or TOSV-like virus
infection. Similarly, in north central Greece, residence in Ser-
res, Thessaloniki and Halkidiki prefectures (with Kilkis pre-
fecture as the reference category) was shown to be a
statistically significant risk factor for seropositivity (Table 1).
The high seroprevalence observed in several prefectures of
northern Greece suggests that an important proportion of
infections may be asymptomatic or mild, and thus underesti-
mated. Physicians should be aware of the existence of phleb-
oviruses in Greece, and consider a phlebovirus infection in
summer febrile cases, especially when accompanied by cen-
tral nervous system infection. Further serological and molec-
ular studies in the whole country will define the
epidemiology of phleboviruses in Greece, and evaluate the
frequency of human phlebovirus infections.
In conclusion, if the TOSV seroprevalence in northern
Greece reflects a history of previous contact with the virus,
the results of the present study suggest that TOSV and/or
antigenically related viruses are circulating extensively in the
area, creating a potentially significant public health concern
for the region.
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